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What are star-nosed moles?
The star-nosed mole, Condylura
cristata, is one of about 30
species of mole in the mammalian
order Insectivora. Although they
are rarely seen, they are relatively
common in the wetlands of
eastern North America and
Canada. They weigh about 30–50
grams and have large clawed
forelimbs for digging their
extensive underground burrows.
Like most other moles, they give
birth to a single litter of four to six
young in the spring. Moles in
general have small eyes and make
their living through touch, eating
invertebrates that they identify by
feel in the soil.
What’s special about star-
nosed moles? The star is a
unique and biologically novel
sensory adaptation that gives
these moles their unusual
appearance and allows them to
find food with incredible speed
and efficiency. A foraging mole
touches the star to the ground
10–15 times per second, and can
identify and eat a small prey item
in as little as 120 milliseconds.
This behavior has earned them a
place in the Guinness Book of
World Records as one of the
fastest mammalian eaters.
What is the star and how does
it work? The star is not for smell,
as might be guessed, but instead
acts as a touch organ. It is
composed entirely of domed
epidermal sensors called Eimer’s
organs. The 22 fleshy appendages
that form the star are covered with
over 25,000 of these touch domes.
This high-resolution
mechanosensory system has a
‘tactile fovea’ at the center of the
star — the lower-most, 11th pair
of appendages — used for
detailed investigations, and larger,
lower-resolution appendages that
surround the touch fovea. 
Star-nosed moles constantly
shift the nose in a jerky, or
saccadic, manner to explore
objects of interest with the tactile
fovea, in much the same way that
we constantly shift our eyes to
explore visual scenes with our
retinal fovea. This convergent
design with division into fovea and
periphery is also found in the
auditory system of echolocating
bats, suggesting such a
configuration is particularly
efficient for high-resolution
sensory systems.
Electrophysiological and
anatomical evidence suggests
that Eimer’s organs on the star
detect nearly microscopic surface
features and textures that
characterize different prey items
and objects in the mole’s
environment.
Why have a star? Clearly star-
nosed moles are touch specialists,
but this is true of other moles as
well. So what good is the star and
why might it have evolved? When
the high-speed feeding behavior
of star-nosed moles is considered
in the context of optimal foraging
theory, a compelling explanation
emerges. In short, the extreme
feeding speed of star-nosed
moles allows them to eat the
many small prey items found in
their wetland habitat. They have
carved out a food ‘niche’ that is
unprofitable to their slower-eating
competitors — primarily shrews,
which share their tunnels. This
also helps explain the relatively
large surface area of the star —
though only 1 cm across, it is
much larger than other mole
noses — an adaptation useful for
searching a greater area of the
mole’s tunnel per unit time and
thus further increasing foraging
efficiency for small prey (though
star-nosed moles will take larger
prey whenever possible as well).
Stars and stripes in the brain.
In mammals, the sensory
information from the skin projects
in an orderly, topographic manner
to the primary somatosensory
cortex (S1) in the brain, where
touch information is processed.
The organization of such brain
‘maps’ is typically determined by
recording the activity of neurons
while the skin surface is
stimulated. But in a few
specialized species, the brain
maps can be seen in anatomical
sections of the cortex. This is true
for star-nosed moles, where the
cortical processing area for touch
information from the star is visibly
reflected as 11 separate stripes,
or modules, each representing a
single nasal appendage from the
star on the opposite side of the
body. 
Such visible maps provide a
wealth of information about the
organization of brain areas and
allow for a number of
investigations of brain
organization that are more difficult
in cortical areas that do not
contain landmarks. Simply
A star-nosed mole emerging from its
underground burrow showing its large
clawed forelimbs and unusual snout
ringed by 22 appendages.
The star under the scanning electron
microscope showing the appendages
covered with sensory organs. The
appendages are numbered from 1 to 11
on each side of the nose. The 11th
appendages above the mouth act as a
tactile fovea.
A star-nosed moleunculus, illustrating
the relative sizes of the different body
parts as they are represented in the
neocortex.
measuring the areas representing
the star appendages reveals that
a large proportion of
somatosensory cortex is devoted
to the star, and within the star
representation the tactile fovea
takes up a disproportionate
amount of cortex for its size. The
larger representation of the 11th,
foveal appendage does not reflect
the number of sensors or nerve
fibers from this area, but instead
seems to reflect the behavioral
importance of the touch fovea.
How did the star evolve? The
star is unparalleled in mammalian
anatomy, and so it is natural to
wonder how such a complicated
new structure evolved. There are
no fossil noses to examine, but
there is a wealth of information to
be found in comparative studies
of living moles and studies of star-
nosed mole development.
Examination of mole embryos
reveals a remarkable
developmental sequence for the
star, during which the
appendages form in place on the
side of the face, and later ‘peel’
off the face to form forward facing
extensions. 
This developmental sequence is
unlike that of any other animal
appendage, and a number of
stages are arguably ‘inefficient’
when compared to the more
straight-forward mechanism of
body wall outgrowth seen for
other animal appendages. But
some living mole species, such as
the Coast mole, Scapanus orarius,
have a proto-star consisting of
backward facing, short modules
of sensory organs attached to the
side of their snout. This suggests
that evolution ‘tinkered’ with such
a structure in ancestral moles to
arrive at the full-fledged star —
leaving a trail of evidence in the
unusual developmental sequence.
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A section of the flattened neocortex
processed for metabolic enzyme
cytochrome oxidase showing the area
where touch information from the star
projects. The 11 modules in the cortex
each represent one of the 11
appendages of the contralateral side of
the star. Note the greatly expanded
representation of the tactile fovea
(appendage 11).
A scanning electron micrograph of an
embryonic star-nosed mole showing the
nascent star. The appendages develop
attached to the side of the face and
later peel off to form the adult star. This
unusual developmental sequence
provides clues to the star’s evolution.
Correspondences
A way of 
selectively
degrading colour
constancy
demonstrates the
experience
dependence of
colour vision
Eli Brenner1 and 
Frans W. Cornelissen2
A study reported recently in
Current Biology [1] shows that
monkeys reared under spectrally
changing light fail to judge surface
colours independently of the
illumination in later life. Despite
over 20 years of colour-deprivation
studies, this is the first such study
to show a long-lasting qualitative
effect. We propose that this is due
to the clever lighting scheme that
was used, which did not just
hinder the development of the
mechanisms underlying normal
colour vision, but also provided an
incentive to develop a
fundamentally different kind of
colour vision.
The visual pathways that encode
binocular depth [2,3], orientation
[4,5] and motion [6] all develop
abnormally if they are not
stimulated by appropriate stimuli
during early life. At first sight,
Sugita’s study [1] appears simply
to indicate that this is also the case
for the pathways underlying colour
vision. However, rearing monkeys
under far red [7,8] or very dim [9]
light for the first three or four
months of their life does not
influence their later colour vision;
neither does rearing pigeons [10]
or goldfish [11] under coloured
light. Modest abnormalities
immediately after selective rearing
were found in bees [12], cichlid fish
[13] and tree shrews [14]. In
guppies, colour constancy was
found to be abnormal immediately
after chromatic rearing, but it
recovered under normal
illumination [15]. So why did
